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TO THE EDITOR
Pigment spots (lentigines), a prominent
extrinsic skin aging sign, develop ear-
lier and are more pronounced in Asian
than in Caucasian skin (Goh, 1990; Zhao
et al., 1998; Eun, 2001). Skin pigmenta-
tion is likely to influence the manifesta-
tion of hyperpigmentation (Halder and
Ara, 2003), and thus in the present
study, we asked whether genetic var-
iants related to skin pigmentation might
provide one possible explanation for
ethnic differences in lentigines.
The report presented here is based
on a study conducted in the JAGE study
cohort (Extrinsic skin aging study of
JApanese and GErman women), which
included 39 German women from
Du¨sseldorf and 48 Japanese women
from Nagoya (Perner et al., 2011),
allowing for comparison of lentigines
occurrence, genotype distribution, and
its association between these two
ethnic groups. The sample size of this
study was small; thus, in order to
validate the association between lenti-
gines occurrence and genotypes for
the German subjects, we examined
data obtained from a separate but
similar cohort. The SALIA study cohort
(Study on the influence of Air pollu-
tion on Lung function, Inflammation
and Aging), containing data from 372
German women (Vierko¨tter et al.,
2010), was used as an independent
validation sample for the German
women of the JAGE study. This proce-
dure is commonly used to avoid
errors of over-interpretation from small
sample numbers. In both cohorts,
lentigines were quantified by SCINEXA
(Vierko¨tter et al., 2009, 2010) and
DNA was isolated from blood samples.
As skin pigmentation is a polygenic
trait, we selected 25 single-nucleotide
polymorphisms (SNPs) with a func-
tional relevance on melanin synthesis
in eight different candidate genes
(MC1R, ASIP, TYR, TYRP1, TYRP2,
TPCN2, P, SLC45A2) and determined
genotypes by matrix-assisted laser
desorption/ionization time-of-flight mass
spectrometry (Jaremko et al., 2005).
SNPs that did not fulfill the Hardy–
Weinberg equilibrium (n¼0) or that
had a call rate of o90% (n¼ 1) were
excluded from further analysis. Con-
founding factors known to influence
lentigines formation, including age,
skin type, and sun exposure, were
assessed by means of a questionnaire.
First, we tested for ethnic differences in
the genotype distribution by w2-test.
Further, associations between lentigines
occurrence and genetic variants were
determined for the two ethnic groups
of the JAGE study separately and
further in the German women of the
SALIA study by multiple linear regres-
sion analysis by adjusting for age and
further adjusting for skin type and sun
exposure. Both cohort studies were
approved by local ethics committees.
The Declaration of Helsinki Principles
was followed and all study participants
gave written consent.
The mean age of JAGE study subjects
was 49 years (range: 32–71 years),
whereas the SALIA study participants
were older, with a mean age of 74 years
(range: 68–79 years). In the JAGE
study, we confirmed previously de-
scribed ethnic differences in lentigines
manifestation (Nouveau-Richard et al.,
2005; Tschachler and Morizot, 2006).
Japanese women showed 4.3-fold
more lentigines on cheeks than age-
matched German women (Po0.001).
There was no significant difference in
the occurrence of lentigines on the
forehead. In contrast, Japanese women
showed significantly fewer lentigines on
their arms and hands than age-matched
German women.
The genotype distributions of the
selected SNPs in the JAGE and SALIA
study populations (Table 1) were not
significantly different from that found in
the respective populations of the Hap-
Map project. Significant differences in
12 SNPs were detected between Japa-
nese and German women of the JAGE
study (Table 1). From these 12 SNPs,
rs26722 in the SLC45A2 gene was the
only genetic variant associated with the
occurrence of lentigines. In Japanese
women, the AA genotype of this SNP
was associated with a higher number of
lentigines on cheeks in comparison
with the GG genotype (P¼ 0.02; Fig-
ure 1). Only two German women of the
JAGE study were heterozygous GA and
none were homozygous AA, and thus
no further analysis could be performed
in this group. In the SALIA cohort,
however, 367 women were carriers of
the GG variant and five of the GA
variant; GA carriers had more lentigines
on the back of arms and hands than GG
carriers, but not on cheeks (Figure 1).
Associations in German women did not
reach significance because of the low
abundance of the A variant. None of
the associations described above
changed more than 10% when further
adjusted for skin type and sun exposure.
SLC45A2 was initially identified as
being the human homolog of Slc45a2
gene mutated in the mouse underwhite
(uw) phenotype, and also mutated in
oculocutaneous albinism 4 (OCA4;
Newton et al., 2001). The murine uw
genotype leads to generalized hypopig-
mentation of the eyes and fur (Sweet
et al., 1998), and OCA4 causes hypo-
pigmentation and ocular abnormalities
in humans (Newton et al., 2001).
However, the molecular function of
SLC45A2 remains unknown. Homolog
studies have predicted the MATP-cod-
ing region of SLC45A2 structure to
be a 12-transmembrane-spanning pro-
tein (Fukamachi et al., 2001; Newton
et al., 2001), but no substrate has been
Abbreviations: OCA4, oculocutaneous albinism 4; SNP, single-nucleotide polymorphism;
uw, underwhite
www.jidonline.org 733
A Vierko¨tter et al.
Development of Lentigines in German and Japanese Women
Table 1. SNPs in genes coding for factors of melanin synthesis with significantly different genotype distribution
in German versus Japanese women of the JAGE study
Gene
rs number
of SNP
Study
population
Distribution of genotypes
in the JAGE study (n (%))
v2-Test for ethnic difference
in the JAGE study
GG GT TT Po0.001
MC1R rs1805005 German 30 (76.9) 9 (23.1) 0 (0)
Japanese 48 (100) 0 (0) 0 (0)
TYR rs1042602 CC CA AA
German 17 (47.2) 16 (44.5) 3 (8.3) Po0.001
Japanese 48 (100) 0 (0) 0 (0)
rs1126809 GG GA AA
German 14 (37.8) 21 (56.8) 2 (5.4) Po0.001
Japanese 48 (100) 0 (0) 0 (0)
rs1393350 GG GA AA
German 15 (38.5) 19 (48.7) 5 (12.8) Po0.001
Japanese 48 (100) 0 (0) 0 (0)
TYRP1 rs1408799 CC CT TT
German 21 (55.3) 15 (39.5) 2 (5.3) Po0.001
Japanese 0 (0) 0 (0) 48 (100)
TPCN2 rs35264875 AA AT TT
German 28 (71.8) 11 (28.2) 0 (0) Po0.001
Japanese 48 (100) 0 (0) 0 (0)
rs3829241 GG GA AA
German 15 (38.5) 14 (35.9) 10 (25.6) P=0.002
Japanese 34 (70.8) 12 (25.0) 2 (4.2)
P rs1667394 AA AG GG
German 27 (69.2) 12 (30.8) 0 (0) Po0.001
Japanese 3 (6.3) 16 (33.3) 29 (60.4)
rs1800414 AA AG GG
German 39 (100) 0 (0) 0 (0) Po0.001
Japanese 9 (18.8) 27 (56.3) 12 (25.0)
rs7495174 AA AG GG
German 35 (89.7) 4 (10.3) 0 (0) Po0.001
Japanese 7 (14.6) 22 (45.8) 19 (39.6)
SLC45A2 rs16891982 CC CG GG
German 0 (0) 4 (11.1) 32 (88.9) Po0.001
Japanese 47 (100) 0 (0) 0 (0)
rs26722 CC CT TT
German 37 (94.9) 2 (5.1) 0 (0) Po0.001
Japanese 19 (39.6) 22 (45.8) 7 (14.6)
Abbreviation: SNP, single-nucleotide polymorphism.
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identified. It was originally postulated
that MATP cotransports a sugar mole-
cule with a proton (Newton et al.,
2001), regulating the intramelanosomal
pH for optimal tyrosinase activity.
Characterization of melanocytes de-
rived from the uw mouse mutant has
revealed that although tyrosinase was
synthesized at comparable rates to wild
type, tyrosinase activity was B20% of
that found in wild-type melanocytes
and was also less enriched in uw
melanosomes (Costin et al., 2003).
SNPs in the SLC45A2 gene have
been associated with variations in hu-
man hair, skin, and eye color (Newton
et al., 2001; Nakayama et al., 2002;
Graf et al., 2005, 2007). In particular,
two nonpathogenic, nonsynonymous
polymorphisms in the MATP-coding
region have previously been investi-
gated: rs26722 (p.Glu272Lys) and
rs1689182 (p.Phe374Leu). Allele fre-
quencies of both polymorphisms were
significantly different among popula-
tions (Nakayama et al., 2002). Graf
et al. (2005) showed that 272Lys and
374Leu are significantly associated with
dark hair, skin, and eye color in
Caucasians. In our study, a significant
association with lentigines on cheeks
was detectable for the A allele
(¼ 272Lys) of rs26722 in the Japanese
women and similar associations were
indicated in the German women of the
SALIA study for the sites at the back of
arms and hands, which are prominent
sites for lentigines manifestation in
German women. With regard to the
second SNP, rs1689182, Japanese wo-
men were homozygous GG. In contrast,
32 German women were carriers of the
CC genotype and 4 of the CG genotype;
those with the CG genotype showed a
higher mean number of pigment spots
in comparison with the CC carriers (not
significant).
In conclusion, this study confirms
previous studies that showed that lenti-
gines located on the cheeks, often
attributed to skin aging, are more
frequent in Japanese women than Ger-
man women (Tschachler and Morizot,
2006). Moreover, it provides evidence
that this ethnic difference might, at
least in part, be due to differences in
genetic variants that modify melanin
synthesis.
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Figure 1. Mean number and 95% confidence interval (CI) of lentigines for German and Japanese carriers of the GG, GA, and AA genotypes of the
single-nucleotide polymorphism rs26722 in the SLC45A2 gene of the JAGE and SALIA studies.
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TO THE EDITOR
Eczema is one the most common skin
diseases. At the histopathological level,
epidermal spongiosis is the hallmark of
eczema. In spongiosis, keratinocytes
lose cohesiveness with a decreased
expression of cadherins, as a water
influx into the epidermal intercellular
spaces occurs together with an accu-
mulation of hyaluronate (HA; Ohtani
et al., 2009). This observation is in
agreement with recent reports in which
increased HA production and hyalur-
onate synthase 3 (HAS3) expression
was shown to be associated with
inflammation in epithelia, as a result
of a positive regulation by inflammatory
cytokines in vitro and in vivo (Sayo
et al., 2002; Ohtani et al., 2009; Chow
et al., 2010; Mack et al., 2011). In
epidermis, HA is naturally present in
the intercellular spaces (Tammi et al.,
2005). Among the three known HAS
variants, HAS3 is the most evident one
in epidermis (Tien and Spicer, 2005;
Ohtani et al., 2009; Mack et al., 2011).
Although several recent data point out
HAS3 as a possible key factor in
inflammatory processes, its expression
pattern at the protein level remains
unclear in normal human epidermis
(Bai et al., 2005; Mack et al., 2011).
In this study we explored the expres-
sion of HAS3, HA and its major cell
surface receptor, CD44, by immuno-
histochemistry.
We stained paraffin-embedded skin
sections of seven spongiotic lesions
and seven healthy donors for CD44
and HA. All spongiotic lesions showed
a stronger CD44 expression and an
accumulation of HA when compared
with healthy skin (Figure 1). Whereas
eight other cryopreserved spongiotic
lesions were stained for HAS3. The
HAS3 staining in normal skin revealed
a weak but detectable spotty signal
at the intercellular junctions. This stain-
ing pattern fits well with the known
membrane localization of HAS3, as
this enzyme extrudes the newly synthe-
sized HA through the cytoplasmic
membrane (Itano and Kimata, 2002;
Rilla et al., 2005). In normal epidermis,
HAS3 seemed to be expressed in all the
layers with a weaker or absent signal
in the basal layer, and a stronger signal
in the suprabasal layers. This expression
pattern is very similar to the one of
HA and CD44. In spongiotic epidermis,
the HAS3 signal was clearly increased
in all spongiotic lesions with spots
significantly larger in the suprabasal
layers when compared with normal
skin (Figure 2).
These results show the unreported
expression pattern of HAS3 in normal
human epidermis and confirm that
HAS3 is strongly induced during
inflammation, as recently shown in
mouse models (Mack et al., 2011).
However, although HAS3 is the most
evident HAS variant in the epidermis,
any role of HAS1 and HAS2 in human
epidermal inflammation still remains
to be investigated (Sayo et al., 2002;
Ohtani et al., 2009). HAS3 probably
has a specific role in human epidermis
and in epidermal inflammation. Its
expression pattern shows a stronger
signal in the suprabasal layers, suggest-
ing that HAS3 may be one of the key
factors in the keratinocyte terminal
differentiation. In spongiosis, HAS3
expression was already shown to be
increased but only by in situ hybridiza-
tion detecting the HAS3 RNA (Ohtani
et al., 2009). Here we confirm that
the expression of the HAS3 protein is
also significantly increased in spongio-
sis. We also found a strong HA accu-
mulation and a strong CD44 expression
in spongiotic epidermis, a result con-
sistent with such an increased HAS3
expression.Abbreviations: HA, hyaluronate; HAS3, hyaluronate synthase 3
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